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ABSTRACT
Dynamic contrast agent enhanced ultrasound (DCEUS) is con-
sidered as a safe, noninvasive, accurate, and economic tool for
analysing blood perfusion of various organs [1]. Gas-filled mi-
crobubble contrast agents are used as intravascular flow tracers.
In this study, a new methodology is proposed to quantify the di-
vergence (i.e sources, sinks), curl (i.e sheering) and amplitude in
the apparent microbubble transports during the bolus arrival. The
efficiency of proposed methodology is evaluated in-vivo, for the
classification of focal nodular hyperplasia (FNH) and inflammatory
hepatic adenomas (I-HCA).
1. INTRODUCTION
The diagnosis between FNH and I-HCA is sometime difficult at
DCEUS because both demonstrate a hyper-enhancing at the arterial
phase with difficulties to differentiate the centrifugal or centripetal
filling of the tumor with only qualitative visual analysis.
Recent efforts in DCEUS aim at quantifying parameters related
to the ultrasound contrast enhancement in the vascular compartment
and at using these latter as indicators for several pathological condi-
tions. In particular, quantitative analysis with the use of a transport
equation has been recently introduced to estimate the apparent mi-
crobubble velocity of the bolus arrival [2]. In the current study, we
propose a new methodology designed to quantify the divergence (i.e
sources, sinks), curl (i.e sheering) and amplitude in the estimated
apparent dense transport field. The latter provide three very simple
indicators of displacement vector directions, orientations and mag-
nitude, which are used as inputs of a binary FNH/I-HCA classifier.
2. RESULTS
46 patients with FNH (n=29) or I-HCA (n=17) were analyzed
(histological diagnosis). Fig. 1 reports typical estimated microbub-
ble transport fields obtained for two DCEUS experiment (upper
row=FNH/ bottom row=I-HCA) 0.75 s after the microbubble arrival
time. The apparent flow field in 1b shows a fast centrifugal filling
of the lesion from a central vessel and radial vascular branches. On
the contrary, 1d shows a hyper-enhancing in the arterial phase with
an enhancement pattern beginning peripherally, with fast centripetal
filling. As a consequence, the divergence of the flow field were over-
all visually higher for the FNH population (insert of 1b) as compared
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to the I-HCA population (insert of 1d). Over the three tested image-
based transport indicators, only the divergence indicator led to a
significant difference (p-value of Mann-Whitney test= 2.10−7). Di-
agnostic performances of the divergence indicator: accuracy=93.5%,
AUROC=0.93, sensitivity=91.0%, specificity=95.4%, PPV=92.2%,
NPV=95.3% (Naı¨ve Bayes classifier).
Fig. 1. Typical results obtained for FNH and I-HCA lesions.
3. CONCLUSION
This proof-of-concept study indicates that image-based apparent mi-
crobubble transport fields can provide new efficient diagnosis in-
dicators on DCEUS. Machine learning algorithms applied on the
latter provides valuable information for the automatic diagnosis of
FNH/I-HCA lesions. Future study will concern the optimization of
the model, with the study of larger cohorts, the inclusion of other
categories of features and the study of other pathologies.
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